. six weeks after fat engraftment with good tissue quality.
L
ower extremity complications of diabetes constitute a common, complex, and costly condition with morbidity rivaling many forms of cancer. 1 The term "remission" is commonly used after healing to better describe the high likelihood of recurrence in this population. 2, 3 As a strategy to reduce the severity of recurrence and extend ulcer-free days of activity, investigators have explored a variety of approaches to augment the plantar fat pad. 4 Regional fat augmentation or "lipofilling" using autologous fat has been previously described as a means of supplementing defects and preventing regional atrophy throughout the body, including its uses as an adjunct to wound healing and to mitigate pain in the foot. 5, [6] [7] [8] However, we are unaware of any reports in the literature that have described its use in the high-risk diabetic foot in remission. Herein, we report on the use of free fat grafting as a means of redistributing normal and shear stress after healing of plantar diabetic foot wounds and a review of the literature of this approach. We successfully performed autologous fat grafting from the abdomen to augment the plantar fat pad without apparent adverse effects or recurrence.
CASE REPORT
An active 37-year-old man with type 2 diabetes presented for care with a chronic wound under the styloid process of his right fifth metatarsal. He had undergone a partial fifth ray resection for wet gangrene several months earlier.
The wound had not healed despite total contact casting and serial surgical debridement. The patient subsequently underwent a tibialis anterior tendon transfer followed by 1 month of total contact casting (Fig. 1) . This successfully healed the plantar wound (Fig. 2 ), but the site had residual fat pad atrophy coupled with preulcerative hyperkeratosis and frank ulceration. This atrophy was confirmed with magnetic resonance imaging. Similarly, the first metatarsophalangeal joint area, now bearing more weight, developed hyperkeratosis.
The patient underwent an autologous fat pad transfer with lipofilling under the fifth metatarsal base and the first metatarsal head. Twenty-five milliliters of fat graft was harvested from the anterior abdomen and injected with multiple stab incisions into the plantar forefoot and plantar lateral mid-foot underlying areas of bulk loss of soft tissue (Fig. 3) . The patient was placed into a posterior splint and instructed to remain nonweight bearing.
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Plantar Fat Grafting and Tendon Balancing for the Diabetic Foot Ulcer in Remission
Summary: We report on the use of free fat grafting as a means of redistributing normal and shear stress after healing of plantar diabetic foot wounds. Although fat augmentation (lipofilling) has been described previously as an approach to supplement defects and prevent atrophy, including use as an adjunct to wound healing and to mitigate pain in the foot, we are unaware of any reports in the medical literature that have described its use in the high-risk diabetic foot in remission. An active 37-year-old man with type 2 diabetes and neuropathy presented with gangrene of his fifth ray, which was amputated. He subsequently developed a chronic styloid process ulceration that progressed despite treatment. We performed a tibialis anterior tendon transfer and total contact casting. He went on to heal but with residual fat pad atrophy and recalcitrant preulcerative lesions. We then used autologous fat grafting for the plantar atrophy. The patient was able to successfully transition to normal shoe gear after 4 weeks with successful engraftment without complication or recurrence of the wound at 6 weeks. This therapy may provide a promising adjunct to increase ulcer-free days to the patient in diabetic foot remission. 
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He returned to the clinic 3 weeks after the procedure, and the wound remained healed, with visible take of the fat graft and supple soft tissue underlying the areas of injection without any complications. He was instructed to remain nonweight bearing in the splint for an additional week and to transition to weight bearing as tolerated in normal shoe gear.
At 6 weeks postoperatively, plantar fat pad thickness and the fat pad plantar to the fifth metatarsal base were found to be preserved on magnetic resonance imaging. Clinically, the plantar aspect of the foot continued to be supple without any new wounds or new hyperkeratosis (Fig. 4) .
DISCUSSION
Autologous fat grafting has been described as a methodology of tissue augmentation for over a century with varying degrees of success. 9 Complications related to autologous fat grafting include absorption of fat; postoperative erythema, edema, and bleeding; fat necrosis; and infection although newer techniques and approaches have provided more predictable and reproducible results. Chairman 6 transferred adipose from the calf, ankle, or abdomen in 50 patients to the plantar fat pad, and all patients reported less or no callus formation. Forty-eight of the patients felt more padding, and only 1 required a second procedure. 10 However, fat grafting was performed concurrently with other procedures such as bunionectomies and metatarsal osteotomies.
Recently, a randomized controlled trial in the United States has been launched to evaluate the potential efficacy of lipofilling/fat grafting for plantar heel pain. 10 Other than this study, we are aware of only 1 other report in the literature that has addressed the use of this technique in the high-risk foot. Stasch et al 8 treated 26 patients with chronic open wounds (mean age, 16.7 months) and used surgical debridement along with lipofilling (mean amount, 7.1 mL) as a wound healing treatment. Although this novel treatment is similar in concept to that of ours, it has important differences. First, the surgeons' goal was for the fat graft to serve as a trigger for wound healing, not protection from stress and extension of diabetic foot remission (ulcer-free days). Second, Luu et al.
• Plantar Fat Grafting for the Diabetic Foot the amount used was significantly less than that in our technique (7 vs 25 mL). Third, a postoperative shoe was used by Stasch et al 8 rather than a posterior splint for 5 days rather than 4 weeks. We think wound healing and "diabetic foot remission" care to be coequal partners in this area. 2, 7 For this reason, we find these indications synergistic. Future work to build on the Stasch study might include using more aggressive off-loading such as total contact casting or other irremovable devices. In that way, we think that their technique may serve 2 purposes-as a promoter of healing and possibly also as a bridge to remission. Although we think that additional fat grafting may be required after healing to better manage plantar surface normal and shear stresses, we also think that further study is required to allow for systematic refinement of this technique.
CONClUSIONS
In summary, we present the initial evaluation of lipofilling and autologous fat grafting for the treatment of the diabetic foot in remission or as a bridge to remission. This appears to be a safe and potentially effective procedure. Complications associated with fat grafting, including fat absorption and necrosis, were not yet encountered. In the future, we hope to measure peak forefoot pressures and plantar fat pad thickness (through ultrasound), both before and after fat grafting. We look forward to future efforts that can further elucidate the efficacy and safety of this approach for broad clinical applicability in the management of the high-risk diabetic foot. 
